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Abstract 

Multiple and partial coherence functions and 
the corresponding conditioned coherent output spec* 
tra are computed between fluctuating pressures nea- 
sured at two locations within the tailpipe of a tur- 
bofan engine and farvfleld acoustic pressure. The 
results are conpared with the ordinary coherent out* 
put spectrum as obtained between a single tailpipe 
pressure measHrenent and the far-fleld acoustic 
pressure. The comparison Indicates apparent addi- 
tional "coherent output" (I.e., cor»>no1te) beyond 
that detectable with an ordinary coherence measure- 
ment, thus suggesting the tailpipe as a core-noise 
source region, further evidence suggests, however, 
that these differences may be attributed to the 
presence of transverse acoustic modes In the tail- 
pipe and that the tailpipe Is not. In fact, a sig- 
nificant source region. 

Introduction 

As part of a program to Investigate the nature 
and significance of turbofan core-noise sources, 
pressure measurements were made at various locations 
In the core of a Vf-102 turbofan engine, simultane- 
ously with far-fleld acoustic measurements. Earlier 
analyses of the data using ordinary coherence and 
correlation techn1qu»sl>‘ have demonstrated that at 
frequencies below about ^00 Hz, the combustor could 
be Identified unambiguously as the major source of 
core-oolse and as a significant contributor to the 
overall far-fleld noise at operating conditions up 
to about 60 percent of maximum fan speed. These 
same techniques are able to account for additional 
core-noise (not necessarily traceable to the combus- 
tor) at frequencies well above 200 Hz. However, 
this additional directly measureable core*no1se Is 
not sufficient to account for the differences be- 
tween measured total noise and predicted fan plus 
jet noise, furthermore, the source of this addi- 
tional core-noise detectable beyond 200 Hz has not 
been spedllcally identified. A possible source of 
this additvnal noise Is the tailpipe, where Inci- 
dent turbulence on, or flow separation from a cen- 
terbody and Its support struts may produce some tur- 
bulent mixing. 

In reference 3, using a novel two-probe coher- 
ence technique, Krejsa has shown that a very accu- 
rate accounting of the cor»-no1se can be made to 
frequencies at least up to 1 kHz, and at operating 
conditions as high as 95 percent of maximum fan 
speed. The technique, however, does not address the 
Issue of tne origin of the cure-noise. If such In- 
formation Is desired, then the relationship between 
the fluctuating pressures at various locations with- 
in the core as well as between the core pressures 
and the external acoustic field must be examined In 
somewhat more detail. 

"AIAA Paper No. 81-2052. 

^Aerospace engineer. Fluid Mechanics and Acous- 
tics Division. 


Tne purpose of this paper Is to present the 
results of a preliminary examination of pressure 
measurements In the VF-102 core using conditioned 
spectral analysis. The ntent Is to use conditioned 
spectral analysis as a diagnostic device to deter- 
mine whether or not tne tailpipe Is a significant 
source region for core-noise. 

Engine. Instrumentation, Data Processing 
Engine and Test Site 

The test program was conducted on an AtfCO- 
Lycoffllnq YF-102 turbofan engine which has a bypass 
ratio of 8 and a rated thrust of 33 kN. This engine 
has a 1-m diaaeter fan and a core consisting of 
seven axial compresso'* stages, one centrifugal com- 
pressor stage, a reverse-flow annular combustor, and 
a four-stage turbine. The exit diameter of the core 
nozzle was 42 cm and the engine w«. operated with a 
bellmouth Inlet. A cutaway Illustration of the en- 
gine is Shown In figure I. 

All tests were conducted at an outdoor acoustic 
test site with a hard surface ground plane. The en- 
gine was suspended from the test stand with Its cen- 
terline 2.9 m above the ground plane (fig. 2). The 
far-fleld microphone array consisted of sixteen 
1.27-cm diameter condenser microphones placed on a 
30.5-m radius arc centered approximately 1.2 m up- 
stream of the primary^nozzle exit plane. The micro- 
phones were spaced 10* apart from 10* to 160*, mea- 
sured from engine inlet axis. All microphones were 
mounted at ground level to minimize problems associ- 
ated with ground reflections, and were fitted with 
windscreens. To obtain the phase Information shown 
later, a single near-field microphone was used, lo- 
cated at an angle of 120*, 2 m from the nozzle exit 
plane. 

Test Conditions 

Simultaneous internal (i.e., core) fluctuating 
pressure and far-fleld acoustic measurements wer- 
made at eight different fan speeds at approximated 
equal Intervals between 30 and 95 percent of maximum 
speed (7600 rpm). The corresponding range of com- 
bustor temperatures and core Jet exhaust velocities 
were from 810 K, 98 m/sec to 1375 K, 314 m/sec. 

Internal Probes 

Tne dynamic pressure measurements within tne 
engine core were made simultaneously with tne far- 
fleld acoustic pressure measurements. Their number 
and locations were: two just downstream of the com- 
pressor exit and 2 cm apart; one at the combustor 
Inlet; two within tne annular combustor Itself, bo'.n 
at tne same axial location but separated 90 circum- 
ferentially; and two within the core nozzle, one 
just downstream of the turbine at the nozzle en- 
trance and one close to the nozzle exit plane. This 
paper, however. Is concerned only with the results 
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obtained from ttie pressure measurements at tne two 
nozale locations (see fig. and a single far- 
fleld microphone (120*), well as the single 
near>f1e1d microphone mentioned earlier. Spectral 
data from tne other Internal probes, as well as 
additional far-flelo data, may be found In refer- 
ence 4. Tne pressure probes used for the Internal 
measurements were of the "sem1-lnfln1te* waveguide 
variety and a detailed description of their design 
and i;esponse characteristics may be found In refer- 
ences 1 and 2. 

Data Acquisition and Processing 

The signals from th« Internal probes and far- 
fleld micropnones were FH-recorded on magnetic tape 
In 2-m1nute record lengths for later processing. 

The Internal probes and far-fleld microphones were 
calibrated with a plstonphone before and after each 
day's running. The auto- and cross-spectra used to 
compute the conditioned spectral density matrices 
were obtained by off-line processing of the taped 
data on a two-channel fast Fourier transform digital 
signal processor with built-in a-d converters and 
120 dB/octave anti-aliasing filters. The processor 
lias capable of direct computation of up to a 4096 
member ensemble average of a 1024 point forward or 
Inverse Fourier transform to yield either time do- 
main (correlation) or fre«;uency domain (amplitude 
and phase spectra, transfer function, and coherence) 
Information. The digital spectra produced by 
processor were then transmitted to a central compu- 
ter with which It was Interfaced to perform the 
final computations necessary to obtain the condi- 
tioned spectra and associated multiple coherence 
functions. 

Data Analysis 

The essent:al notion utilized In this paper Is 
as follows. If Is presumed that all core-noise 
sources, whatever their origin, supply linear con- 
tributions to the fluctuating pressure at the tail- 
pipe Inlet, T^, or at tne nozzle exit, T^. or both 
(see fig. i). Hence, conditioning out, or removing, 
the Independent linear contributions of the pressure 
at and from the total measured far-fleld 
spectrum leaves only non-core-noise contributions 
(sucn as fan and jet noise). The difference between 
tne measured far-fleld spectrum and this conditioned 
far-field spectrum should, therefore, be a measure 
of tne core-noise. This difference Is formally 
called the multiple coherent output spectrum. A 
comparison of the multiple coherent output spectrum 
with the ordinary coherent output spectrum computed 
between, say, T^ and the far-fleld, may then shed 
some valuable Insight Into the nature of the pres- 
sure field In tne tailpipe and a possible origin of 
non-combustor core-noise. 

The conditioning out, o' removal, of the Inde- 
pendent pressure contributions rrom the two tailpipe 
locations to the far-fleld pressure Is not a simple 
subtractive process: the pressures measured at each 
of the two locations are not completely Independent. 

This. In a simplified form. Is schematically 
Illustrated In figure 4. Consider the two shaded 
areas together to represent the linear contributions 
of the two fluctuating tailpipe measurements to the 
far-fleld pressure measurement. Tne portion of the 
two measurements which correlate (I.e., are redun- 
dant) Is represented by the overlapping region. In 
order to determine the sum of the Independent con- 


tributions, the overlapping region must be assigned 
to Just one of the two circular areas and the re- 
malnlr.g "crescent" shaped area added back In, 

The circular area on the right-hand side cf 
figure 4 represents the ordinary coherent output 
spectrum between one of the tailpipe pressures and 
the f«n-f1eld pressure, the crescent-shaped area 
represents the partial coherent output spectrum be- 
tween the other tailpipe pressure and the far-fleld 
pressure, and the total area represents the multiple 
coherent output spectrum between the tailpipe pres- 
sures and the far-fleld pressure. The technlgue 
whereby the common, or correlating. Information Is 
appropriately accounted for Is known as conditioned 
spectral analysis and Is described In reference $. 

In order to Implement the comp*«tat1ons for the pres- 
ent problem, tne following pro\.edure Is used, fol- 
lowing the notation suggested In reference 5. 

The two tal Ipipe measuring stations are denoted 
as 1 and 2, referring to the upstream and downstream 
locations, respectively. The pressures measured at 
tnese locations are considered as "Inputs" to a sys- 
tem In which a single far-fleld measurement Is con- 
sloered as the "o ^put," and Is denoted as measure- 
ment 3. with this notation a 3x3 matrix of <;omplex 
auto- and cross-spectral densities, each element of 
which Is a function of frequency, between the pres- 


sures can be formed: 
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The underlined elements are computed directly from 
the measured pressures by the FFT analyzer, and the 
remaining elements are obtained by the relation: 
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where the * denotes complex conjugate. The matrix 
Gh, then. Is obtained entirely from measured data. 
The diagonal elements are the auto-spectra, and the 
off-diagonal elements are the cross- spectra. 

The ordinary coherence function at any fre- 
quency f between, say. Input 1 and the output Is 
obtained from^: 

I ,,, 
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Tne product > f Yjj and the measured output spec- 
trum Is called the ordinary coherent output spec- 
trum. In the absence of Input measurement contami- 
nation, this ordinary coherent output spectrum would 
represent the linear contribution of the pressure 
at Tj to the far-fleld acoustic presiure (I.e., 
the "output") at station 3. 

The linear contribution of the pressure at In- 
put 1 to the pressure at the other Input, T 2 , and to 
the pressure at the output can be removed, or condi- 
tioned out, through the following relations^: 

®IJ.l (2) 
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wiMirt Is t coffiplex frtquancjf rtsponst function 
given by: 



(3) 


Thet Is, « new spectrel density nstrlx Is fonned by 
application of eguatlcns (2) and (3) to the elements 
of the measured spectral density matrix. A, which Is 
reduced to: 
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with 632.1 -fila.l* 

The elements In tne conditioned spectral dern 
sity matrix above may oe Interpreted as the spectra 
which would be measured If Input 1 were "turned 
off." That ^s, 622 1 auto-spectrum of Input 

2 with the linear effects of input 1 removed; 623.1 
Is the cross- spectrum between 2 and 3 witn the ef- 
fects of input 1 removed, and so forth. 


The conditioned spectral density matrix B can 
be reduced to a single element by removing the lin- 
ear effects of input 2, through the following equa- 
tions: 


wbere the term on the lefUhand side Is that part of 
the auto-spectrum In the far>f laid due to the linear 
contributions of the prtsswre at ) and is 
called the multiple coherent output spAlrum. 

Recalling that It was presumed that all coro- 
nolse sources, regardless of their origin, are 
manifested as fluctuating pressure at Ti or T{ 
or both, then, subject to appropriate assumptions 
and rostrlctlors, this multiple coh«rent output 
spectrum mRy be Interpreted at the core contribution 
to the far-fleld noise when any Independent source 
Information at Ti and T2 Is appropriately ac- 
counted for. Hence, the following possibilities 
exist: (1) if there Is no Independent source Infor- 
mation between Ti and T2 (I.e., core-noise source 
Informaticn at Ti and T2 Is redundant), then the 
multiple coi^erent output spectrum will not differ 
from the ordinary coherent spectrum as measured be- 
tween, say, i 1 and the far-fleld. Referring back 
to figure 4, this Is equivalent to the overlapping 
region being large and the "crescent* shaped region 
being ve;y small; that Is, the two cirrjiar regions 
would be nearly congruent; (2) If there Is Indepen- 
dent source information between Ti and T2, 
there will be differences between the ordinary and 
multiple coherent output spectra at those frequen- 
cies associated with the sources. Note, however, 
that the existence of such differences between the 
multiple and ordinary coherent output spectra does 
not prove the presence of new source Information, It 
only admits the possibility. 

Coherence Results 



where 
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The single element 633,1 2« given by equa- 
tion (4), may be interpreted* ai the auto-spectrum of 
the far-field acoustic pressure (i.e., the output) 
with the linear effects of both input 2 and input 1 
removed, with the assumption that all core-noise 
sources manifest themselves as fluctuating pressure 
at Ti or T2 or both, then 633,1^? represents 
the spectrum which would be measur^’u the core- 
noise were removed. That is. It represents all the 
other turbofan noise sources. 

Tne difference between the measured far-field 
pressure spectrum, 633, and the part of the far- 
field spectrum with the core-noise removed must be 
the core-ncise itself. Schematically we can write: 

\ore-noise “ total “ non-core-noise 


or 

®3:l,2 • ®33 ’ ®33.i,2 (5) 


The results of the computations outlined In the 
previous section are shown In figures 5(a) to (f), 
which represent engine operating conditions between 
30 and 75 percent of maximum fan speed. The dashed 
curve In each of the figures is the ordinary coher- 
ent output spectrum between the measured pressure at 
tne tailpipe Inlet (Ti) and the far-field acoustic 
pressure measured at *20* relative to the inlet 
axis. The solid curve in each of the figures Is the 
corresponding multiple coherent output spectrum, as 
computed from equation (5). finally, for reference 
purposes only, the total measured acoustic pressure 
spectra at the far-field are shown with the broken 
lines. 

Tne most obvious feature of these results is 
the difference between the ordinary coherent output 
spectra and the corresponding multiple coherent out- 
put spectra over a broad range of frequencies from 
about 400 to 700 Hz. Und(>r the assumption that the 
input measurements (i.e., ine pressures at Ti and 
T^) are contaminant or "noise” free, then these dif- 
ferences would be interpi'eted as indicating the pr^ 
sence of additional "coherent output" not otherwise 
detectable with a single pressure measurement in the 
tailpipe. That is, in the frequency range between 
about 400 to 700 Hz, the tailpipe contains apparent 
distributed or multiple independent core-noise 
sources. 

In arriving at this conclusion, even In Just a 
qualitative sense, the assumption that the input 
pressure measurements are contaminant-free Is cru- 
cial. In the present context, input measurement 
contamination, or "noise", i; defined as that por- 
tion of the input signal which would not be coherent 
with the output if the output were contaminant- 
free. Input contamination may be due to non-linear- 
ities, local or convecting hydrodynamic pressure 


3 



dUturbwces at the measuring points (I.e., pseudo> 
sound) which are not acoustic In character and hence 
do not radiate to the faMleld, awltlple 1ndepen> 
dent or distributed source characteristics, or the 
presence of higher-order acoustic nodes which do not 
propaoate or propagate greatly attenuated. Addi- 
tionally, the actual output as represented by the 
total measured acoustic pressure In the far^fleld is 
certainly not contanlnanWree. It contains contri- 
butions from the Jet and fan whicn do not correlate 
with the core-noise. These latter sources, of 
course, are precisely the quantities from which we 
are trying to distinguish the core-noise. 

For actual engine data, then, there Is no a 
priori way of quantifying the effects of Input mea- 
surement contamination on the coherence measure- 
ment. Qualitatively, however. Input measurement 
contamination always serves to reduce the value of 
the coherr^re function. The resulting coherent out- 
put spectra can. ^i;<refore, at least be Interpreted 
as the mlnimun: ..cn‘.r1bjt1on o' the measured Inputs 
to the output 1 ' >ther appropriate causal relations 
are satisfied.! 

The reduction in the computed ordinary coherent 
output due to contan-lnatlon resulting from multiple 
or distributed source characteristics can be over- 
come by computing the multiple coherent output s(/ec- 
trum. However. If the single measured Input used 
for computing the ordinary coherent output spectrum 
has proport Inately more contamination associated 
with non-linearities or non-propagating signal (at a 
given frequency or frequency range) than the second 
of the two Inputs used when computing the multiple 
coherent output spectrum, then the effect of contam- 
ination cannot be distinguished from the effects of 
multiple or distributed source characteristics. 

The observed differences, therefore, between 
tne ordinary coherent output spectra and the multi- 
ple coherent output spectra seen in figure 4 may be 
due to contamination at the upstream pressure mea- 
surement as well as multiple or distributed source 
characteristics within the tailpipe. Thus, the 
qualitative conclusion that the tailpipe Is a source 
region for core-noise Is premature. In fact, as 
will be discussed below, the evidence seems to sug- 
gest that the apparent additional coherence output 
shown in figures b(a) to (f) Is due to high levels 
of contamination at the probes, and that the tail- 
pipe Is not a significant source region for core- 
noise, at least for the present engine. 

.' *nase Measurements 

In figure 6(a) Is shown, for the 43-percent 
operating conditions, the phase difference between 
the fluctuating pressures at T^ and T 2 . The 
solid line Is tne phase as obtained directly from 
the cross-spectrum between T]^ and T 2 . The dasheo 
line Is the phase obtalneo by using the pressure 
measureo at an external near-field microphone os a 
reference: tnat is, tne difference In the cross- 
spectral phases between the pressure at Tx and the 
near-field microphone and tne pressure at T 2 and 
tne near-field micropnone. In figure 6(b) Is shown 
the same Information for tne /^-percent operating 
condition. 

(The ntcar-fleld microphone described earlier 
was used as a ■^ference Instead of the far-fleld 
microphone to mlnimixe the time delay between the 
Internal and external signals. This reduced time 


delay eliminated the need for Introducing a large 
precomputation delqy In computing the cross-spectrum 
and hence permitted a significantly larger number of 
data samples to be averaged by tne FFT processor. 
This reduced the statistical variance in tne compu- 
ted cross-spectrum. ) 

The figures clearly show the two phase measure- 
ments In close agreement except In the range of fre- 
quencies between about 400 and 700 Hi, tne same 
range over which there are significant differences 
between the ordinary and multiple coherent output 
spectra In figure 5. within this frequency range, 
therefore, the fluctuating pressure which contri- 
butes to tne cross-spectral pnase witnin the tail- 
pipe, does not contribute to the pnase outside the 
tailpipe. That is, at these f regencies, the coher- 
ent pressure disturbances within the tailpipe are 
dominated by Information which do not radiate out- 
side the tailpipe, and hence may be classified as 
measurement contamination. There Is, of course, no 
way with the present data to demonstrate that only 
part of the difference between the ordinary and mul- 
tiple coherent output spectra seen In figure 6 Is 
measurement contamination and the balance Is Inde- 
penoent source Information In the tailpipe. How- 
ever, it seems unlikely that the new source Informa- 
tion and measurement contamination would bracket 
precisely the same frequency range. 

On this basis, then. It Is concluded that the 
differences between tne ordinary and multiple coher- 
ent output spectra seen In figure 5 may be recon- 
ciled on the basis of Input measurement contamina- 
tion rather than distributed or multiple source 
characteristics. This conclusion may be reinforced 
if we can Identify a specific contaminant consistent 
with tne frequency range seen above. 

Identification of Contamination 

Hydrodynamic pressure disturbances due to tur- 
bulence (I.e., pseudosound) are often advanced as 
the primary sources of Input measurement noise, or 
contamination, when conducting a coherence analysis 
of the types of measurements described In this In- 
vestigation. One would expect, however, that the 
spectrum of such turbulence contamination would 
Strounal scale, and for fixed geometry would have 
Us frequency range linearly Shift with the flow 
velocity within the tailpipe. For the set of engine 
operating conditions presented, the velocity within 
tne tailpipe ranges from about 90 m/sec at the 
30-percent condition to about 210 m/sec at the 
/6-percent condition: more than a factor of two. 
Such a shift In the frequency range associated with 
the contamination obtained from figures S and 6 Is 
not observed, what has been Identified as a contam- 
inant remains relatively fixed In Its frequency 
range of 400 to 700 Hz, throughout the set of oper- 
ating conditions. 

Furthermore, In reference 1, the cross-correla- 
tion between the two tailpipe pressure signals (low 
pass filtered at 1600 Hz) was shown to have a single 
positive peak at a delay time consistent with the 
speed of sound In tne tailpipe. No time delay asso- 
ciated with a turbulence convection velocity was 
found within the tailpipe. Hydrodynamic pressure 
fluctuations may, therefore, be ruled out as the 
source of the contaminant Identified In figures 5 
and 6. 

(This conclusion only applies to the contamlna- 
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tion lamtifisd by virtue of tlM observed differen- 
ces between tbe ordinary and multiple coherent out- 
put spectra shown In floure S, and the phase Infor- 
mation shown In figure e. It Is not meant to Imply 
that there Is no turbulence contamination of the 
pressure measurements In the tailpipe. Turbulence 
contamination which is not coherent between the 
tailpipe probes would not contribute to the corre- 
sponding cross-spectral phases. Hence, pure> local 
turbulent pressure fluctuations, or convecting tur^ 
bulence which decays before reaching the downstream 
pressure probe, may contaminate the coherence me^ 
surements. Such contamination. In fact, is likely 
responsible for much of the differences between the 
multiple coherent output spectra and the total mea- 
sured far-fleld spectra. This type of contamina- 
tion, or measurement "noise," however, may be re- 
moved by the two-probe coherence technique described 
by Krejsa In ref. 3 and applied to this engine.) 

As Indicated earlier, the preserve of any 
transverse acoutic modes which may propagate within 
the tailpipe but not radiate outside the tailpipe, 
or radiate very Inefficiently, serves to act as a 
contaminant. Straightforward calculations Indicate 
that the lowest order transverse mode which begins 
to propagate In the tailpipe Is the first circumfer- 
ential mode (I.e., the 1,0 mode). At the lowest 
operatlno condition being considered (30 percent of 
maximum fan speed), the (1,0) mode begins to propa- 
gate at the upstream tailpipe position at frequen- 
cies above about 460 Hz. At the tailpipe exit this 
mo^ cuts off at frequencies below about 710 Hz. 
These cutoff frequencies, which represent the range 
In which measurement contamination has been Identi- 
fied, change by only about 1 to 2 percent through 
the entire set of operating conditions because of 
the offsetting effects of simultaneously Increasing 
temperature and Mach number witnln the tailpipe as 
engine speed increases. 

This Is highly consistent with the data of fig- 
ures 5 and 6. Combined witn the cross-correlation 
data of reference 1, which Indicates a single acous- 
tic oelay time In the tailpipe at frequencies up to 
1600 Hz, It Is concluded that the observed differen- 
ces between the ordinary and multiple coherent out- 
put spectra result from measurement contamination 
due to transverse modes In the tailpipe and not from 
multiple or distributed source characteristics. 

Now, any aeroacoustic sources within the tail- 
pipe will be flow related by vTr't'ue of the turbine 
exhaust flowing over the Internal nozzle surfaces, 
the nozzle plug, or support struts. Such sources. 

If present, *re likely tu be multiple, or at least 
distributed. In nature, and therefore unable to be 
characterized by a spatially Isolated measurement. 
Consequently, since the effects of multiple or dis- 
tributed source characteristics cannot be detected. 
It Is concluded that the tailpipe Is not a signifi- 
cant source region for core-noise. 


Summary and Concluding Remarks 

Conditioned pressure spectra were computed bt- 
tween two widely-spaced locations In the tailpipe of 
a Yr-102 turbofan engine and a far-fleld micro- 
phone. A comparison of the associated multiple co- 
herent output spectra with the corresponding ordi- 
nary coherent output spectra showed significant dif- 
ferences over a broad range of frequencies. The 
frequency range over which these differences were 
observed, however, remained essentially unchanged 
over the complete set of eiiglne operating conditions 
examined. 

Pnase measurements obtained directly from the 
cross-spectrum between the two tailpipe probes and 
Indirectly using an external near-field microphone 
as a reference were presented. These measurements, 
together with velocity scaling arguments, were used 
to conclude that the differences between the multi- 
ple and ordinary coherent output spectra could be 
reconciled on the basis of measurement contamination 
due to the presence of transverse modes In the tail- 
pipe. The tailpipe, therefore, was found not to be 
a significant source region for core-noise. 

In reference 1 It was demonstrated that the 
combustor could be unambiguously Identified as the 
source of core-noise at frequencies below about 
200 Hz. Tne correlation delay times across the tur- 
bine for the source Information, however, correspon- 
ded to convection rather than acoustic speeds. In 
reference 3 It was shown tnat significant levels of 
core-noise can be detected to frequencies up to 
about 1 kHz. Hence, If the tailpipe can be excluded 
as tne origin of this additional core-noise, then 
combustor-turbine coupling must be considered as a 
candidate mechanisn. 
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